Despite the large number of theoretical III-V semiconductor studies reported every year, our atomistic understanding is still limited. The limitations of the theoretical approaches to yield accurate structural and electronic properties on an equal footing, due to the unphysical self-interaction problem that affects mainly the band gap and spin-orbit splitting (SOC) in semiconductors and, in particular, III-V systems with similar magnitude of the band gap and SOC. In this work, we will report a consistent study of the structural and electronic properties of the III-V semiconductors employing the screening hybrid-DFT framework, fitting the α parameters for 12 different III-V compounds, namely, AlN, AlP, AlAs, AlSb, GaN, GaP, GaAs, GaSb, InN, InP, InAs, InSb, in order to minimize the deviation between the theoretical and experimental values of the band gap and SOC. Structural relaxation effects were also included. Except for AlP, whose α = 0.127, we obtained α values spreading from 0.209 to 0.343, deviating less than 0.1 from the universal value of 0.25. Our results for the lattice parameter and elastic constants indicate that the fitting of the α does not affect those structural parameters when compared with the HSE06 functional, where α = 0.25. Our analysis of the band structure based on the k·p method shows that the effective masses are in agreement with the experimental values, which can be attributed to the simultaneous fitting of the band gap and SOC. Finally, we estimate the values of g-factors, extracted directly from band structure, which are close to experimental results indicating that the obtained band structure produced a realistic set of k·p parameters.
I. INTRODUCTION
Semiconductors have been playing a key role in the development of new technologies since the 50's, e.g., lightemitting diodes and lasers, 1-3 infrared detectors, 4 solar cells 5 and more recently, spin-lasers, 6 and etc. Those developments have been possible due to the large number of fundamental studies employing theoretical or experimental techniques along decades. 7, 8 which have contributed to the present understanding of the semiconductors electronic band-structure properties, punctual and extended defects, and structural control. 8, 9 Beyond that, new fields have emerged along the years such as topological insulators 10 and Majorana fermions in nanowires, 11, 12 which are expected to contribute to future technological applications. Among a wide range of semiconductor materials, [7] [8] [9] 13 the III-V AB semiconductors, where A = Al, Ga, In and B = N, P, As, Sb (i.e., 12 compounds), occupy an important place due to their role in several technological developments. 1,2,4-6 Although there is an impressive number of papers published every year based on experimental and/or first-principles calculations, 3,14-20 our atomistic understanding is still limited, in particular, due to the limitations in theoretical approaches to describe structural and electronic properties on an equal footing. For example, first-principles calculations based on density functional theory (DFT) with local or semilocal exchange-correlation energy functionals suffer from the unphysical self-interaction problem, [21] [22] [23] which affects mainly the band gap and spin-orbit splitting (SOC) in semiconductors 22, 24 and, in particular for few III-V AB semiconductors, where the SOC can have similar magnitude as the band gap, e.g., GaSb, InP, InAs and InSb.
9,25
Along the years, the self-interaction problem has motivated the widespread use of approximations or alternative descriptions of the electronic states such as the GW 26, 27 or nonlocal hybrid density-functionals, e.g., PBE0, 28, 29 HSE06, [30] [31] [32] and B3LYP, 33 and etc. In principle, both GW and hybrid-DFT can yield an improved description of the band structure compared with local or semilocal functionals, however, GW was designed to address electronic properties but not the structural properties. 26, 27 In contrast with GW, hybrid-DFT can describe both structural and electronic properties on an equal footing, however, the electronic properties such as the band gap depends strongly on the magnitude of the nonlocal Fock exchange, α, that replaces part of the semilocal exchange term. Although an universal value for α was suggested, i.e., 25 % in PBE0, 28, 30 it is not as universal as expected. 34 As the band increases almost linearly by increasing the magnitude of the nonlocal Fock exchange, 35 several studies have proposed a fitting of the α parameter to improve the description of the band gap. [34] [35] [36] However, those studies have employed, in most cases, atomic structures optimized with the local or semilocal functionals, [37] [38] [39] i.e., the differences in the structural parameters are neglected. This is a good approximation but it might fail in cases in which the fine details of the electronic structure depend strongly on the lattice parameters, e.g., III-V systems with large SOC.
In this work, we propose to perform a consistent study of the structural and electronic properties of the III-V semiconductors employing the screening hybrid-DFT framework, where the α parameters for the different compounds are fitted by the minimization of the deviation between the theoretical and experimental values for the band gap and SOC. We also employed optimized lattice parameters based on screening hybrid-DFT, i.e., small differences in the lattice constant were taken into account for the electronic parameters. Based on this framework, we calculated the equilibrium lattice constant, elastic constants, bulk modulus, band structures, effective masses, and etc. Furthermore, we employed the k·p method to perform a deep analysis of the band structures, from which were possible to extract the k·p parameters and the electronic g-factors.
Except for AlP, we obtained α parameters spreading from 0.209 to 0.343, i.e., close to the universal value of 0.25. For AlP, the calculated α value is 0.127. Based on several analyses, we found with small exceptions, that the α values correlate well with the atomic radius of the cationic species and hence, further α values for different semiconductors could be extrapolated from this finding without additional calculations. Our results for the lattice and elastic constants indicate that the fitting of the α does not affect those structural parameters when compared with the HSE06 functional, where α = 0.25.
Our analysis of the band structure based on the k·p method shows that the effective masses are in agreement with the experimental values, 9, 40 i.e, the fitting of α at the Γ point improved the description of the band curvatures. We also determined the g-factors directly from the effective band structures finding values that are close to the experimental results. 9, 25 Finally, having both, gfactors and effective masses, in good agreement with the experimental results indicates that we have determined realistic sets of k·p parameters.
II. THEORETICAL APPROACH AND COMPUTATIONAL DETAILS A. Density Functional Theory
It has been known for decades that DFT 41, 42 within local (local density approximation -LDA) 43 or semilocal (generalized gradient approximation -GGA) 44, 45 exchange-correlation energy functionals is unable to yield a correct description of the fundamental band gap even for the most simple systems, 22, 24 which has been attributed mainly to the unphysical selfinteraction problem. [21] [22] [23] This limitation has motivated the widespread use of approximations or alternative descriptions of the electronic valence states such as the GW 26, 27 or nonlocal hybrid functional, e.g., PBE0, 29, 46 HSE06, [30] [31] [32] and B3LYP. 33 In principle, both GW and nonlocal hybrid functionals can yield an improved description of the band structure compared with LDA or GGA. However, in contrast with the GW framework, nonlocal hybrid functional can provide also a reliable description of the structural and energetics properties, 39, [47] [48] [49] which is a plus compared with GW. In this work, we will employ the DFT framework within the GGA formulation proposed by Perdew-BurkErnzerhof 45 (PBE) and the hybrid functional proposed by Heyd-Scuzeria-Ernzerhof [30] [31] [32] (HSE) in which the magnitude of the nonlocal Fock exchange replaces part of the PBE exchange. As will be described bellow, we will fit the magnitude of the nonlocal Fock exchange based on the experimental results of the fundamental band gap and the spin-orbit splitting, while using the same screening parameter derived for the HSE06 functional.
32,50
To describe the electronic states, we employed the scalar-relativistic approximation 51, 52 in which relativistic corrections are considered for the core-states, while the SOC is not considered for the valence states, and hence, the spin-orbit splitting for the III-V semiconductors cannot be described. For example, for InSb the SOC splitting at the Γ-point and valence band maximum (VBM), has similar magnitude as the fundamental band gap, 24, 53 and hence, it plays a crucial role for the characterization of the band structure parameters, e.g., effective mass, g-factor, etc. Thus, to improve the description of the band structure properties, we employed the addition of the SOC for the valence states via the second-variational approach.
51
To solve the Kohn-Sham equations, we employed the projected augmented wave (PAW) method, 54 as implemented in the Vienna ab initio simulation package (VASP, version 5.4.1), 55, 56 employing the PAW projectors provided with the package. 57 To describe the electronic states, the Kohn-Sham orbitals are expanded in plane waves employing a finite cutoff energy, which depends on the calculated properties. This is necessary since several properties, e.g., stress tensor and elastic constants converge slowly as the number of plane waves increases.
From a large number of PBE and HSE convergence tests, we demonstrated that well converged total energies, band structures, and densities of states can be obtained by using a cutoff energy that is 1.125 times the recommended maximum cutoff energy (ENMAX max ). Stress tensor and elastic constants calculations, however, require at least 1.50 × ENMAX max . A further increase in the cutoff energy can improve the results slightly, and for the particular case of the PBE calculations, we increased the multiplication factor from 1.50 to 2.0 (stress tensor) and to 2.5 (elastic constants) aiming to provide reference data that can be used for further comparisons. For example, for AlN, we employed 473 eV for total energy and band structure; 631 eV (HSE) and 841 eV (PBE) for stress tensor; and 631 eV (HSE) and 1052 eV (PBE) for the elastic constants calculations. For the Brillouin zone integration, we employed a Monkhorst-Pack k-mesh of 10×10×10, while the same k-point density was em-ployed for the remaining III-V semiconductors. All those parameters are provided in the Supplementary Material.
To obtain the equilibrium volume, we minimized the stress tensor, which was performed by several consecutive optimizations of the equilibrium volume to ensure that the optimized equilibrium volume is consistent with the initial set up of the basis size. To calculate the elastic properties, we considered the combination of two schemes, namely, (i) rigid lattice parameters obtained from the stress-tensor optimization, 58 and (ii) ionic volume relaxation from the inversion of the ionic Hessian matrix and internal stress tensor, 59 as implemented in VASP. For those calculations, we employed atomic steps of 0.010 Å, which are slightly smaller than the recommended value by VASP, e.g., 0.15 Å. The hybrid PBE0 functional is composed by the PBE correlation energy and a fraction of 25 % of the PBE exchange is replaced by the nonlocal Fock exchange of the Hartree-Fock (HF) method, i.e., E , where α = 0.25.
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The hybrid HSE functional [30] [31] [32] is derived from PBE0 by using a screening function to split the semilocal PBE exchange and nonlocal Fock term into two parts, namely, a short-(SR) and long-range (LR) exchange contributions, in which the nonlocal Fock LR contribution cancel with part of the PBE LR exchange. Thus, the hybrid HSE functional is given by the following equation,
where the new parameter, ω, measures the intensity of the screening, and hence, the extension of the nonlocal Fock interactions. For example, if ω is null, the SR contribution is equivalent to the full Fock operator and the LR contribution will become zero, while for ω→∞, the range of SR terms decrease, recovering asymptotically the PBE functional. As defined in the PBE0 functional, the parameter α controls the amount of PBE exchange replaced by the nonlocal Fock exchange, and hence, in principle, it can ranges from 0 to 1. For the hybrid HSE06 functional, α = 0.25 and ω = 0.206 Å −1 , which were obtained from the adiabatic perturbation theory and fitted from a large number of systems, respectively.
32,50
Although, the hybrid HSE06 functional yield better results than the LDA and GGA functionals, HSE06 does not yield the experimental band gaps in most of the cases, 24, 60, 61 and hence, improved results can be obtained by fitting the ω or α parameters. Recently, Viñes et al. 34 suggested that a large number of combination of ω and α values can yield the band gap of oxides, however, it is important to mention that the fitting of ω can affect drastically the small contribution of the LR nonlocal Fock terms, which has the potential to decrease the stability of the electron density convergence. In contrast with ω, the fitting of α affects mainly the SR nonlocal Fock contribution, which plays a crucial role in the physical properties.
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Therefore, to improve the description of the experimental fundamental band gap, E gap , and the spin-orbit (SO) splitting energies, ∆ so , we fixed the ω parameter to the same value used in HSE06, and fitted the α parameter to reproduce the experimental E gap and ∆ so results. The fitting was performed using the linear dependence of E gap and ∆ so as a function of α, which is well known in the literature. [66] [67] [68] Due to the nearly perfect linear dependence, the angular coefficient (slope), can be calculated using two points, namely, using the E gap or E ∆so values calculated with the PBE (α = 0) and HSE06 (α = 0.25) functionals. Thus, the angular coefficient for the fitting of the band gap is given by the following relation,
while m ∆so is obtained by replacing the band gap energies by the spin-orbit splittings. Thus, the α value that yields the experimental band gap, E exp gap , or the experimental spin-orbit splitting, E exp ∆so , can be obtained from the following equation,
Consequently, from this scheme, we obtained two values for α, namely, an optimized value for α gap (α ∆so ) that yields the experimental band gap (spin-orbit splitting). To obtain an unique α for each III-V system, we performed a minimization of the standard deviation between the experimental and the extrapolated E exp gap and E exp ∆so parameters obtained from the slope. Further technical details are reported in the Supplementary Material. Thus, from now on, the fitted hybrid HSE functional will be noted HSE α , where α is different for each semiconductor. Finally, in order to compare our results with literature and among different functionals, we adopted, as a measure, the normalized-root-mean-square deviation (NRMSD).
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III. RESULTS
A. Magnitude of the Non-Local Fock Exchange
Except for AlP, the optimal α values that minimize the relative errors for the undamental band gap and SOC splitting are in between 0.209 and 0.343, i.e., close to the universal value of 0.25.
28 For AlP, the value if 0.127. Therefore, we can conclude that an unique α value is unable to yield the fundamental band gap and SOC splitting for a wide range of compounds, as well as further physical properties, which have also been reported in the few previous studies. 66 Although the value of α has been obtained from a solid theoretical framework, few studies have tried to obtain a correlation between the magnitude of α and a particular physical property, 34 which can help in several applications. Thus, with the aim to identify the most important physical parameters that play the major role in the magnitude of α, we performed several analyses (also in the Supplementary Material). Among all analyses, we found a good correlation between the magnitude of α versus the cationic radius, 70 which is shown in Fig.  1 . Our results indicate that the value of the optimized α decreases almost linearly as a function of the atomic cationic radius, except for the cases of AlN and AlP.
B. Equilibrium Lattice Parameter
The most stable crystalline phase of the III-V semiconductors is the zinc-blende structure, 71 which has a face-centered cubic (fcc) lattice and F43m space group. The exception for this rule are the III-nitrides (AlN, GaN, InN) that prefer to crystallize in the hexagonal wurtzite structure, belonging to the P6 3 mc space group, 72 but through the use of experimental techniques such as molecular beam epitaxy can also be grown as a zinc-blende structure.
7,72 Thus, to rationalize our understanding, all the III-V semiconductors were studied in the zinc-blende structure, which contains two fourfold atoms with tetrahedral local symmetry. The equilibrium lattice parameter, a 0 , was calculated using several approximations, namely, PBE, PBE+SOC, HSE06, and HSE α , and the results are summarized in Table I the lattice constant only in the third decimal place, and hence, the improvement over the PBE compared with the experimental results is almost negligible and can be evaluated by the NRMSD show in Table I . For example, the NRMSD is 1.49 % for PBE and 1.47 % for PBE+SOC. Therefore, the SOC does not affect the equilibrium lattice constants in contrast with the electronic properties, where it plays an essential role (see below). In order to reduce the computational cost, which increases substantially for HSE06+SOC, the HSE06 and HSE α equilibrium lattice constants were calculated using stress tensor without the addition of the SOC for the valence states. The HSE06 and HSE α functionals yield a 0 parameters closer to the experimental results, and hence, with smaller relative errors compared with the PBE results. These small errors were expected since we provided an improved description of the exchange energy by the nonlocal Fock term. The differences between the HSE06 and HSE α results are very small, i.e., the NRMSD changes from 0.4 % (HSE06) to 0.49 % (HSE α ), which is an important result since it shows that the lattice parameters were only slightly affected by the improvement of the description of the fundamental band gap and spin-orbit splitting at the Γ-point. with the atomic radius of the material compound elements (occupation of the electronic shells), i.e., if the anionic atom size increases, the lattice parameter also increases, as showed in Fig. 2 . This effect occurs due to the electrostatic repulsion between atoms, i.e., the bond length depends on the atom size, changing the lattice parameter. As Al and Ga have similar atomic radii, with 1.25 Å and 1.30 Å, respectively, 70 the lattice parameters for the Al-V compounds are closer to the Ga-V values, as showed in the figure. The In has a greater atomic radius, 1.55 Å, 70 resulting in a larger lattice parameter for the In-V compounds. In order to investigate the linearity break shown for the III-N compounds, we evaluated the effective Bader charge, as shown in the table VI in appendix B. The III-N compounds have a large charge transfer, which suggests that the break in the linearity behavior is due to the high ionicity combined with the smaller atomic radius of the N when when compared with the other cations of the III-A column of the Periodic Table. This hypothesis is also supported by the fact that the III-N compounds showed the highest elastic constants values in the series, as will be discussed in the next section, and the larger observed bond strengths.
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C. Elastic constants
The cubic zinc-blende crystal structure has the symmetry defined by the space group F43m that is associated to the point group T d . 7 The symmetry analysis show that it possess only three non-equivalent elastic constants: C 11 , C 12 and C 44 . C 11 represents the modulus for the axial compression, i.e., the stress in one direction induces a strain in the same direction. In contrast, C 12 represents the stress that induces a strain in the perpendicular directions and C 44 , the shear modulus, represents the strain across the faces induced by the stress in a direction parallel to it. PBE, HSE α and the respective experimental results of C 11 , C 12 and C 44 are shown in Table II . We also present the bulk modulus, B 0 , which were calculated from the expression B 0 = (C 11 + 2C 12 )/3.
Unrelated to the exchange and correlation functionals, the elastic constants in all directions decrease as the ionic radius increase. For the PBE functional, e.g., C 11 decreases from 283.1 in AlN to 77 in AlSb. The ionic bond character is responsible for the increase on the hardness of the material, and as shown in the table VI in appendix B, the ionicity (related with the Bader charge) decreases as the anion radius decreases. Therefore, it is expected that the elastic constant decreases as the lattice parameter (associated with the cation and anion radii) of the crystal structure increases. In fact, our results indicate a slight linear dependence with the lattice parameter, as showed in Fig. 3 , where the dashed line shows a linear fitting using the all materials, nitrides excluded. This behavior was reported in the literature 25, 78 and was traditionally used to estimate the elastic constants 79, 80 by the extrapolation of the data.
In contrast with the lattice parameter overestimation by HSE functionals, the PBE functional underestimates the elastic constants in all the directions, which is consistent with the literature. 81 On the other hand, the HSE α results show better agreement with the experimental results, presenting NRMSDs of 4.9 % and 5.1 % for C 11 and C 12 , respectively. The inclusion of nonlocal effects in the Fock exchange in HSE α suggests an increasing of the bond hardness, consequently increasing the elastic constants when compared to the PBE functional. For C 44 , our results when compared with the experimental data, show deviations for the HSE α functional similar to the PBE ones, presenting NMRSDs of 13.8 % and 9.2 %, respectively. Similar C 44 values have been found by Caro et al. 82 using the HSE06 for nitrides. Nonetheless, PBE underestimates the experimental values of C 11 and C 12 , while HSE α overestimates them. Since the bulk modulus, B 0 , in a cubic system has dependence only in the C 11 and C 12 elastic constant directions, the PBE functional also underestimates the B 0 values, while the HSE α functional yields better results. This can be observed by the NRMSD which is 3.7 % and 14.4 % for HSE α and PBE, respectively.
D. Band Structures
As discussed previously, 22,24 the PBE functional strongly underestimates the band gap energy. In the specific case of the small band gap III-V materials, leading to results presenting a null band gap or even the inversion of the ordering of Γ 6 and Γ 8 states, as showed in Fig. 4b . This result is completely inconsistent with the experimental data. 9, 40 To get rid of this problem, we employed the HSE06 and HSE α exchange and correlation functions. The differences on the results using the different functionals may be clarified by analyzing the results as shown in Figure 4 . The HSE06 and HSE α gaps are closer to the experimental values than PBE predictions, e.g., InP shows an increase of the value of 68 % from PBE to HSE α . An even more dramatic example is the wrong predictions of negative band gaps for InSb, GaSb, InAs and InN made using the PBE functional. HSE06 or HSE α functionals show the correct trend. Although both HSE06 or HSE α functionals predict the correct trend, the tuning of α provides a much better agreement for the band gap value, changing the deviations from the experimental results from 0.8 % (InP) up to 42.1 % (InSb) when using HSE06 to 0.3 % (AlN) and 10.5 % (InN) with HSE α . The accuracy in the description of ∆ so is also improved when using the hybrid functionals instead of PBE, as shown in Table III . The band structures for all the other materials are presented in the Supplementary Material.
Regardless of the gap adjustment, i.e., using the HSE06 calculations, one can notice a monotonic relation between the anionic radius and the band gap energies, e.g., in Al compounds, we observe that E E AlSb gap . This trend is also valid for the As compounds, as shown in Fig. 5 . It fails, however, for the In compounds, in which the calculated InN band gap is smaller than the trend suggests. Carrier et al. 88 suggested, when this same rule was violated for wurtzite compounds, that this was due to the high electronegativity of N and the smaller band gap deformation potentials. In our understanding, the same explanation should be applied to the zinc-blende case.
E. k·p Parameters
Despite the fact that band gaps and ∆ so are close to the experimental values, there is no guarantee that the calculated band structures are in agreement with the experimental results. To perform this analysis, we calculated the effective masses, using the k·p approach. In the k·p method, the interactions involving electrons and nuclei are described through an effective potential with the same periodicity of the lattice, allowing the utilization of the Bloch's theorem. To found an effective Hamiltonian, we used the perturbative technique proposed by Löwdin, 89 where the basis set is divided in two classes: A and B. States within the class A, are the states of interest and are described exactly, while states from the class B are taken into account perturbativelly through the interactions with the states of class A. Class A states are chosen according to the energy range at the point of the first Brillouin zone (FBZ) in aim, defining the effective Hamiltonian.
In this work, we used the 6×6 zinc-blende effective k·p Hamiltonians proposed by Luttinger-Kohn 90 (LK6) and extended by Kane to an 8×8 model. 91 In the LK6 model, in the vicinity of the Γ point, the class A is composed by the three topmost valence bands, i.e., HH, LH and SO, and the matrix elements are determined using perturbation theory up to the second order. In the Kane model, the same bands and perturbative order were used but class A also includes the first conduction band (CB). The use the symmetry properties of zinc-blende crystals and some algebraic manipulation 8, 92 shows that the Kane Hamiltonian depend on 5 different effective mass parametersγ 1 ,γ 2 ,γ 3 ,ẽ and P , plus the gap and ∆ so , while the LK6 depends only on 3 parameters, γ 1 , γ 2 and γ 3 , plus the ∆ so . 93 As the k·p method is semi-empirical, all effective mass parameters are obtained, with little algebraic manipulations, from the direct measurements of the effective masses of the carriers in the materials, except for the P parameter.
Distinctly from the other effective mass parameters, P can not be obtained by direct measures, but must be extracted from the interband (CB-VB) interaction energy E P . An accurate measure of E P is hard to obtain due to the inherent difficulties associated with the decoupling of the CB-VB interaction to the interaction of them with the remote bands. E P values have been estimated indirectly by experimental techniques such as electronspin-resonance, through interband matrix elements. 94, 95 and from measures of the g-factors, which have small influence from the remote bands and yield more accurate values. 40 Due to the difficulties involved in the measuring the g-factor in III-V semiconductors, the traditional procedure is to obtain the P parameter from the effective mass parameters using the 6×6 k·p Hamiltonian. When the P is determined, the 8×8 parameters can be evaluated using the relations showed in appendix A.
We chose in this work an alternative method to determine the effective mass and P parameters from band structures evaluated by DFT calculations. We fitted the HSE α band structure using the secular equation of the 8×8 Hamiltonian proposed in the Ref. 36 , determining simultaneously all the parameters. All points have the same weight and the same distance for all materials. Using different percentages of the FBZ around Γ point, we determined different parameter sets and the choice of the final set of parameters was done by root mean square deviation (RMSD) analysis, 36 using the euclidean distance between the band structures from HSE α and the effective Hamiltonian k·p with the adjusted parameters. Technical details about the fitting are available in the Supplementary Material.
As the difference between k·p and HSE α increases considerably for large FBZ percentages, we recommend the values from the fitting for 10 % as showed in Table IV . This choice is a compromise between describing a reasonable percentage of the band and obtaining a small deviation of HSE α band structure. A general feature of the band structures is the non-parabolicity in the region between 6 and 8 % of the FBZ, better seen on CB and SO bands, as showed in Fig. 7 . Another non-parabolicity also arises near 15 %. Depending on the magnitude of this second non-parabolicity in an specific direction, the deviations of the values become more or less important at 20 % of the FBZ.
In Table IV , we show the values for Kane (γ 1 ,γ 2 ,γ 3 , e and E P ), and Luttinger-Kohn (γ 1 , γ 2 , γ 3 and e) parameters, determined with the data using the range of up to 10 % of the FBZ (and in any up to range from 2 to 20 % in the Supplementary Materials). The ranges of the values observed in literature are also given for comparison. Due to the small number of results founded in the literature, we included both, experimental and theoretical works, indicating the maximum and minimum values extracted from traditional sources such as Madelung et al., 53 Vurgaftman et al. 40, 96 and Winkler. 97 Our results are in agreement with the literature, i.e., the obtained effective mass parameters are inside the range of the most accepted values. In addition, the highest deviation comes from the nitrides. Since the most stable phase for the III-nitrides is wurtzite and not zinc-blende, the scarce experimental data on it, prevents a more controlled comparison.
On the Kane models, the P parameter, or its related energy E P is essential. This parameter represents the influence of the conduction band on the masses of the valence states and consequently the influence of the valence band on the conduction states. Our results for the E P parameter differ from the literature ones. The main reason 
HSEα and k·p band structure comparisons. The optimal parameters were obtained from fitting using 10 % of the FBZ. Three high symmetry directions are shown: Γ-X, Γ-K and Γ-L.
for this difference is a divergence on the interpretation of the influence of the remote bands on the experimental measurements of the electron spin resonance as pointed out by Shantharama et al.. 98, 99 In their article they compare, e.g., Chadi et al. 95 value for GaAs of E P = 29 eV with their estimation based on an analysis of a 14×14 k·p Hamiltonian of E P = 25.0(5) eV. The reason for the divergence is atributed to an overestimation of the influence of the remote bands. Our suggested value for this parameter is E P = 25.9 eV. As E P is directly related to the Kane parameter P , its fitting is essential.
As we have previously shown, 36 to correctly assign a value to P , it is necessary to include the first nonparabolicity in the range used for the fitting. If only the values below it are included, there is a fast variation of the values of P depending on the range used. However, the fittings done with ranges including the non-parabolicity show a stabilization of the value. As an example, in Fig.  8 . we present a curve of the fitted parameter for GaAs, showing the fast variation for ranges very close to the Γ-point and the stabilized values for ranges above 8 %. The stabilization of our values suggests that our method improves the evaluation of the P parameter, providing a way to distinguish the interactions of near and distant bands in the effective mass tensor. In the Supplementary Materials we provide the stabilization curves for the P , as well as the effective mass parameters, for all the materials. 
F. Effective mass and g-factors
In order to verify the accuracy of our calculations, we compared the experimental effective masses with the ones obtained from our effective mass parameters (see relations in Appendix A). Using the electronic g-factors, that are directly related to the spin splitting of the carrier bands, we have compared the measured values in the literature with our own values estimated from the k·p parameters using the Roth's formula,
and the values for E P , E gap and ∆ so . This equation includes only the interaction between VB and CB, while the interactions between the other bands are neglected. As we can distinguish the effects of the interactions from inner and outer bands, our g-factors show excellent agreement with the literature values, exception done to the materials with large spin-orbit coupling, such as antimonides and indium compounds. In these materials we have found large deviations from the reference values of HH and LH effective masses along the [110] and [111] directions. The lack of k dependence on the spin-orbit coupling on the k·p Hamiltonian used in our description may be responsible for such deviation. However, even for these materials, the LH and HH g-factors along the [100] direction present good agreement with the experimental values, since the specific symmetry of the zinc-blende systems prevent the splitting of the bands along that specific direction. Finally, CB and SO bands also present good agreement with the experimental values, since the spin split for them is small. 
IV. SUMMARY AND CONCLUSION
We reported an extensive ab initio study of electronic and structural properties of the III-V semiconductors (12 systems) based on DFT within the PBE, PBE+SOC, HSE06, HSE α , and HSE α +SOC functionals. For the hybrid HSE α functional, we fitted the magnitude of the nonlocal Fock exchange that replaces part of the PBE exchange based on the experimental results for the fundamental band gap and spin-orbit splitting energies. Except for the AlP compound, whose α is 0.127, our α parameters are in between 0.209 and 0.343, deviating less than 0.1 from the universal value of 0.25 estimated by Perdew.
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Although the electronic properties were improved by the fitting, our results and analysis indicate clearly that HSE α does not yield a significant improvement of the structural properties when compared with HSE06. In fact, it is an excellent result as it shows that is possible to improve the electronic properties without affecting the structural parameters by using fitted HSE α functionals. This conclusion is valid, at least, for small changes in α near to the 0.25 value. Furthermore, based on several analysis, we found a correlation between the values of α with the cationic radius, namely, the optimized α value descreases almost linearly as a function of the atomic cationic radius, except for the case of AlN. Therefore, our findings combined with previous results obtained by Viñes et al. 34 suggested that is possible to correlate the values of the α with the physical properties, and hence, it opens new possibilities in the study of much more complex materials.
We found that the HSE α overestimates the elastic constants, while PBE underestimates them. However, the magnitude of the relative error is smaller employing the HSE α functional. We obtained from our results that the elastic constants decrease as the ionic radius increase, and hence, the elastic constants decrease by increasing the lattice parameter of the crystal structures. This behavior was reported in the literature 25, 78 and was traditionally used to estimate the elastic constants 79, 80 by the extrapolation of the data.
In order to provide a deeper understanding of the band structure curvatures, we used the DFT band structures to determine accurate k·p parameters, and, from them, obtained the effective masses and the g-factors beyond the parabolic model. For the antimonides and indium compounds in specific directions, we observed large deviations of the g-factors from the experimental results indicating that the 8×8 k·p Hamiltonian may still not be adequate for describing systems with small band gap or large spin-orbit splittings. The k-dependent spin-orbit term, responsible for the spin-orbit splitting outside of the Γ point, is neglected in our model, resulting in the deviations observed. Finally, we tabulated the effective masses and k·p parameters, presenting a full set of III-V parameters that may be used in realistic simulations of systems with higher complexity, such as nanowires and quantum dots, or devices based on these compounds.
Appendix A: Luttinger-Kohn Parameters and Effective mass Relations
Since class A and B states differ among the 6 × 6 and 8 × 8 models, the definitions of the effective mass parameters differ from one model to the other. 8, 92 The relation among both model parameters, for zinc-blende structures, is given by the following expressions
,
The effective masses may be determined from the parameters using the following relations IG. 6. Recommended Kane parameters for each region near to Γ point for aluminum-V compounds. In the x-axis is the percentage of the FBZ used in the fitting. IG. 7. Recommended Kane parameters for each region near to Γ point for gallium-V compounds. In the x-axis is the percentage of the FBZ used in the fitting. 
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